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(54) A probe tip configuration, a method of fabricating probe tips and use thereof 

(57) A probe tip configuration, being part of a probe 
for use in a scanning proximity microscope, is disclosed, 

comprising a cantilever beam (1) and a probe tip. Said — 

tip comprises a first portion of a tip (2) and at least one 
second portion of a tip (5). Said first portion of a tip is 
connected to said cantilever beam whereas said second 
portion of a tip is placed on said first portion of a tip. 
Cantilever beam, first portion of a tip and second por- 
tion(s) of a tip can be composed of different materials 
and can be isolated each from another which makes an 
easy adjustment of the maximum penetration depth of 
the tip possible without limiting the resolution and 
makes it also possible to detect more than one signal of 
a sample at the same time using one cantilever beam. 

Methods of making the probe tip configuration are 
described. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention is related to a probe, 5 
more particular a probe tip configuration and a method 
of fabricating such probe tip configuration are disclosed. 
This probe can be used as a sensing element in a scan- 
ning proximity microscope and can also be used for 
characterisation purposes in related fields. io 

BACKGROUND OF THE INVENTION 

[0002] Scanning proximity microscopes (AFM, STM, 
MFM) operate by scanning the surface of a sample with i5 
a probe. Such a probe can be used e.g. for topography 
measurements or as a nano-SRP (nano-Spreading 
Resistance) Probe, used for the determination of the 
resistance and carrier profile of a semiconductor ele- 
ment or for nano-potentiometry measurements of the 20 
electrical potential distribution on a semiconductor ele- 
ment. Such a probe usually consists esserttially of a 
mounting block, a cantilever or stylus and a tip. The 
choice of the materials of which the mounting block, the 
cantilever and the tip are composed, strongly depends 25 
on the type of measurement the probe is intended for. 
For topography measurement a dielectric or a semi- 
conductive tip can be used whereas for resistance 
determination and nano-potentiometry a highly conduc- 
tive tip preferably with high hardness and low wear is 30 
required. 

In order to achieve a high resolution the tip of such a 
probe must have a very small radius of curvature. A 
classical probe tip, as e.g. described in the United 
States patent 5399232 consists of a single portion. 35 
Changing the dimensions of such a probe tip, in partic- 
ular increasing the height, can be necessary to meet the 
specifications of the measurement setup in particular 
e.g. the tip to sample distance. An increase of the tip 
height leads to a significant increase of the aspect ratio. 40 
The mechanical stability of such high aspect ratio tips Is 
limited, which makes them less suitable for electrical 
measurements where these tips are exposed to high 
forces being applied in Order to provide a good electrical 
contact. Therefore staHe and reliable classical probe 45 
tips can only be fabricc't-d for a limited range of dimen- 
sions. Furthermore there is an ongoing effort and inter- 
est in continuously improving the detection resolution 
and consequently the probe resolution, which wilt even 
further limit the availability of reliable probe tips. so 
[0003] In the prior art a probe tip configuration is sug- 
gested which partly overcomes this problem. The 
United States patent 5455419 describes a probe tip 
configuration where a tip is arranged on a pedestal. By 
dividing the probe tip into a pedestal and a tip, one can 55 
adapt the dimensions of the pedestal according to the 
specifications of the measurement set-up whereas the 
dimensions of the tip can be optimised independently. In 



United States patent 5455419 tip. pedestal and canti- 
lever are conrtposed of a single material. It is desirable to 
adjust the maximum penetration depth into the sample. 
Because of the special tip arrangement the penetration 
is limited to the tip while the pedestal can make contact 
with the sample surface without significant penetration. 
The maximum penetration depth can be altered by 
changing the dimensions, in particular the height of the 
tip. But because tip and pedestal are composed of a sin- 
gle material this easy adjustment of a maximum pene- 
tration depth Into the sample is not applicable without 
drastically reducing the resolution. Furthermore the 
characteristics of both the pedestal and the tip can not 
be adapted to the physical quantity to be measured 
using different tip shapes and materials. 
[0004] Also in the prior art a method of making such a 
probe tip configuration is suggested. United States pat- 
ent 5282924 describes a method of fabricating said 
probe tip configuration where a tip is arranged on a ped- 
estal. Said tip and said pedestal are composed of a sin- 
gle material which does not allow an easy adjustment of 
a maximum penetration depth into the sample. Further- 
more the characteristics of both the pedestal and the tip 
can not be adapted to the physical quantity to be meas- 
ured using different tip shapes and materials. A further 
drawback of this method is that there is no solution pro- 
vided to realise a highly conductive probe tip. Tip, ped- 
estal and cantilever beam are formed out of a single 
substrate material such as silicon. The cited document 
does not describe how to fabricate a probe with a highly 
conductive tip preferably with high hardness and low 
wear as desired for e.g. resistance determination. With 
cited method it is also not possible to fabricate a probe 
where probe tip and pedestal are isolated from each 
other e.g. for easy penetration depth adjustment or to 
reduce the capacitive coupling of the probe tip configu- 
ration to the sample by forming a pedestal which is com- 
posed of insulating materials. 

SUMMARY OF THE INVENTION 

[0005] In an aspect of the invention a probe, more in 
particular a probe tip configuration, is disclosed. This 
probe (fig. 1 , 3) comprises a mounting block (3) and a 
probe tip configuration. Said probe tip configuration 
comprises a cantilever beam (1) and a tip. where said 
cantilever beam is fixed to the mounting block at one 
end and said tip is fixed to the other free end of said 
cantilever beam. Said tip comprises at least one small 
tip, hereafter designated as second portion of a tip (4), 
placed on a larger and preferably more truncated tip, 
hereafter designated as first portion of a tip (2). which is 
connected to said end of said cantilever beam. A probe 
tip configuration being part of a probe for use in a scan- 
ning proximity microscope is disclosed, comprising a 
cantilever beam and a tip. said tip being fixed to an end 
of said cantilever beam, said tip comprising a first por- 
tion of a tip and a second portion of a tip, said first por- 
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tion of a tip being connected to said end of said 
cantilever beam, said second portion of a tip being 
placed on said first portion of a tip, characterised in that: 
said cantilever beam, said first portion of a tip 
and said second portion of a tip form a structure com- 5 
prising at least two different materials. This probe tip 
configuration can be used as a sensing element in a 
scanning proximity microscope. The special arrange- 
ment of the present invention allows the adjustment of a 
maximum penetration depth into the sample surface by w 
changing the height of the second portion of a tip. The 
characteristics of the second portion of a tip can be 
adapted to the physical quantity to be measured using 
different tip shapes and materials. 

[0006] In another aspect of the invention a probe tip 75 
configuration (fig. 2, 4) being part of a probe for use in a 
scanning proximity microscope is disclosed, comprising 
a cantilever beam (1) and a tip, said tip being fixed to an 
end of said cantilever beam, 
characterised in that 

said tip comprises a first portion of a tip (2) and more 
then one second portion of a tip (5), said first portion of 
a tip being connected to said end of said cantilever 
beam, said second portions of a tip being placed on 
said first portion of a tip. This probe tip configuration 
makes it possible to detect more than one signal of a 
sample at the same time using only one cantilever beam 
(1). The different second portions of a tip can be electri- 
cally and/or thermally isolated from each other and can 
have different characteristics. The different second por- 
tions of a tip can also be used to detect different physi- 
cal quantities. In particular this probe tip configuration 
allows the use of one or more second portions of a, tip 
as a current or voltage source. In this way, the other sec- 
ond portions of a tip can be used to detect the gener- 
ated signal. 

[0007] In a further aspect of the invention a method of 
fabricating a probe tip configuration is disclosed com- 
prising a cantilever beam and a probe tipi said probe tip 
comprising a first portion of a tip and at least one sec- 
ond portion of a tip, said method comprising the steps 
of: 

etching a substrate using a first patterned hard 
mask layer as an etch mask, said etching step cre- 
ating a first etch pit; 

etching at least one second smalt etch pit on the 
bottom of said first etch pit using a second pat- 
terned hard mask layer as an etch mask; 
defining the cantilever beam by removing the 
exposed parts of said first hard mask layer; 
covering the complete etched structure with at least 
one material thereby forming said first portion of a 
tip and said second portion of a tip; 
etching through a mask window at the backside of 
said sut)Strate to thereby form said cantilever beam 
and simultaneously etching free said first portion of 
a tip and said second portion of a tip. 



[0008] In still a further aspect of the invention a 
method of fabricating a probe tip configuration is dis- 
closed where the tip comprises a first portion of a tip 
and one second portion of a tip. The shape of the first 
portion of a tip is achieved by etching the substrate. The 
shape can be a truncated pyramid, a truncated cone, a 
cylinder. In particular a truncated pyramidal shape can 
be realised by employing an etching solution such as 
KOH for the etching of the substrate, which results in a 
more truncated pyramidal etch pit. Then a second por- 
tion of a tip can be formed on said first portion of a tip. 
Therefore a small etch pit on the bottom of the first etch 
pit is formed preferably by an anisotropic etching proce- 
dure resulting in a pyramidal or a conic shape. The com- 
plete etched structure is covered with one or more 
materials and the substrate is finally removed using a 
thinning window at the backside of the substrate result- 
ing in a first portion of a tip and a preferably pyramidal or 
conic shaped second portion of a tip having a very small 
radius of curvature. First portion of a tip and second por- 
tion of a tip can also be composed of different materials. 
[0009] In still another aspect of the invention a method 
of fabricating a probe tip configuration is disclosed 
where the tip comprises a first portion of a tip and at 
least two second portions of a tip. The shape of the first 
portion of a tip is achieved by etching the substrate. The 
shape can be a truncated pyramid, a truncated cone, a 
cylinder. In particular a truncated pyramidal shape can 
be realised e.g. by employing an etching solution such 
as KOH for the etching of the substrate which results in 
a more truncated pyramidal etch pit. Then at least one 
second portion of a tip can be formed on said first por- 
tion of a tip. Therefore at least one small etch pit on the 
bottom of the first etch pit is formed preferably by an ani- 
sotropic etching procedure resulting in pyramidal or 
conic shapes. The complete etched structure is covered 
with one or more materials and the substrate is finally 
removed using a thinning window at the backside of the 
substrate resulting in a first portion of a tip and a prefer- 
ably pyramidal or conic shaped second portion of a tip 
having a very small radius of curvature in order to 
achieve high resolution. First portion of a tip and second 
portion of a tip can also be composed of different mate- 
rials. The different second portions of a tip can be elec- 
trically and/or thermally isolated from each other. 

BRIEF DESCRIPTION OF THE DRAWINGS 



[0010] 

50 

FIG. 1 shows one particular schematic representa- 
tion of a probe tip configuration comprising a first 
portion of a tip and a second portion of a tip. said 
small second portion of a tip being placed on top of 
55 the larger first portion of a tip. 

FIG. 2 shows one particular schematic representa- 
tion of a probe tip configuration comprising a first 
portion of a tip and two or more second portions of 
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a tip. said small second portions of a tip being 
placed on top of the larger first portion of a tip. 
FIG. 3 shows one particular schematic representa- 
tion of a probe tip configuration, having a pyramidal 
shaped first portion of a tip and a pyramidal shaped 
second portion of a tip. 

FIG. 4 shows one particular schematic representa- 
tion of a probe tip configuration, both first portion of 
a tip and second portions of a tip having a pyrami- 
dal shape. 

FIG. 5 contains the schematic description of a proc- 
ess flow, used to fabricate a probe tip configuration 
as shown in FIG. 3, according a partiojlar embodi- 
ment of the invention. 

FIG. 6 contains the schematic description of a proc- 
ess flow, used to fabricate a probe tip configuration 
as shown in FIG. 4, according a partiojIar embodi- 
ment of the invention. 

FIG. 7 shows one particular schematic representa- 
tion of a probe tip configuration comprising a first 
portion of a tip and two second portions of a tip, 
said small second portions of a tip being placed on 
the larger first portion of a tip. said first portion of a 
tip and said second portions of a tip each being iso- 
lated one from another. 

FIG. 8 contains the schematic description of a proc- 
ess flow, used to fabricate a probe tip configuration, 
according to a particular embodiment of the inven- 
tion. 

DETAILED DESCRIPTION OF THE INVENTION 

[0011] In relation to the appended drawings the 
present invention is described in detail in the sequel. 
Several embodiments are disclosed. It is apparent how- 
ever that a person skilled in the art can imagine several 
other equivalent embodiments or other ways of practis- 
ing the present invention, the spirit and scope thereof 
being limited only by the terms of the appended claims. 
[00121 In an embodiment of the invention a probe (fig. 
1 , 2, 3, 4). more in particular a probe tip configuration for 
use in scanning proximity microscopes is disclosed. 
This probe comprises a mounting block (3) and a probe 
tip configuration. Said probe tip configuration comprises 
a cantilever beam (1) and a tip, where said cantilever 
beam is fixed to a mounting block at one end and said 
tip is fixed to the other free end of said cantilever beam. 
Said tip comprises at least one small tip. hereafter des- 
ignated as second portion of a tip (5). placed on a larger 
and preferably more truncated tip. hereafter designated 
as first portion of a tip (2). which is connected to said 
end of said cantilever beam. 

[0013] In a particular embodiment of the invention a 
probe tip configuration is disclosed where the tip com- 
prises a first portion of a tip (2) and one second portion 
of a tip (4). This probe tip configuration can be used as 
a sensing element in a scanning proximity microscope. 
This special tip arrangement allows the adjustment of a 



maximum penetration depth into the sample, because 
the penetration is limited to the second portion of a tip. 
The first portion of a tip can make contact with the sam- 
ple surface without significant penetration because of its 

5 truncated shape and without limiting the resolution 
because the first portion of a tip can be electrically 
and/or thermally and/or magnetically isolated from the 
second portion of a tip. Remark that even without said 
first portion of a tip making contact there is a significant 

10 advantage for electrical measurements because by iso- 
lating the first portion of the tip the interaction, e.g. the 
capacitive coupling , with the substrate is reduced. The 
maximum penetration depth can be altered by changing 
the dimensions, in particular the height of the second 

15 portion of a tip. The characteristics of both the first por- 
tion of a tip and the second portion of a tip can be 
adapted to the physical quantity to be measured using 
different tip shapes and materials. This probe tip config- 
uration can be used in a scanning proximity microscope, 

20 such as an AFM (Atomic Force Microscope), for topog- 
raphy measurements. This probe tip configuration is 
also especially suited as a nano-SRP (nano-Spreading 
Resistance) probe, used for the determination of the 
resistance and carrier profile of a semiconductor ele- 

25 ment. Furthermore, this probe tip configuration is also 
suited for nano-potentiometry measurements of the 
electrical potential distribution on a semiconductor ele- 
ment. For the latter kind of measurements, a highly con- 
ductive tip is especially suited. The probe tip 

30 configuration may however also be used for other appli- 
cations then the ones mentioned above. 
[0014] . In another embodiment of the invention a probe 
tip configuration is disclosed where the tip comprises a 
first portion of a tip (2) and two or more second portions 

35 of a tip (5) on top of the first portion of a tip which makes 
it possible to detect more than one signal at the same 
time using only one cantilever beam. The different sec- 
ond portions of a tip can be electrically and/or thermally 
and/or magnetically isolated from each other and can 

40 have different characteristics. The different second por- 
tions of a tip can also be used to detect different physi- 
cal quantities. In particular this probe tip configuration 
allows the use of one or more second portions of a tip 
as a current or voltage source. In this way, the other sec- 

45 ond portions of a tip can be used to detect the gener- 
ated signal(s). 

[0015] The different parts of the probe as mounting 
block (3). cantilever beam (1), first portion of a tip (2), 
and second portion(s) of a tip (5) can be composed of 
50 the same material or different materials. Such materials 
may be for example Si, Si02, Si3N4. metals, and dia- 
mond. Depending on the application, the properties of 
the probe may be further improved by additional coat- 
ings, such as metals, hard metals, diamond, cubic 
. 55 boron nitride. Si02. and Si3N4. 

Depending on the application and the used microscope, 
the cantilever beam and the mounting block can have 
different shapes and different dimensions. In a classical 
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probe tip consisting of a single tip, changing the dimen- 
sions of the probe tip, in particular increasing the height, 
does increase the aspect ratio significantly. The 
mechanical stability of such high aspect ratio tips is lim- 
ited, which makes them less suitable for electrical 5 
measurements where these tips are exposed to high 
forces being applied in order to provide a good electrical 
contact. Therefore this classical probe tip is only useful 
for a limited range of dimensions. The division of the 
probe tip into first portion of a tip and second portion of 
a tip in the present invention has the advantage that the 
first portion of a tip can be adapted to the measurement 
set-up whereas the second portion of a tip can be opti- 
mised concerning the physical quantity to be measured. 
So there is no longer a direct coupling between the 
aspect ratio of the probe tip. mainly determined by the 
first portion of a tip, and the tip radius of the probe tip. 
which is determined by the second portion of a tip. The 
first portion of a tip can have the shape of a truncated 
pyramid, a truncated cone or a cylinder. The height and 
width of the first portion of a tip depends on the limita- 
tions of the measurement set-up. as the required probe 
to sample distance, and can be adjusted in a wide range 
by changing the dimensions of the etch mask opening 
and/or by changing the etch procedure. 
The dimensions and the properties of the second por- 
tion of a tip depend on the sample surface to be ana- 
lysed, on the physical quantity to be measured and on 
the desired resolution. A physical quantity to be meas- 
ured with a probe tip configuration with one second por- 
tion of a tip or with more then one second portion of a tip 
can be, e.g. the electrical current, the electrical potential 
distribution, the topography of the sample, magnetic 
forces, electrostatic forces, and the thermal distribution. 
According to the physical quantity to be measured, the 
second portion of a tip may be magnetic, electrical 
and/or thermal conductive. In order to achieve high res- 
olution, the second portion of a tip preferably has a 
small radius of curvature. 

Additional special materials can be employed in order to 
get a second portion of a tip with high hardness and low 
wear The present invention allows the adjustment of a 
maximum sample penetration depth by changing the 
height of the second portion of a tip. The second portion 
of a tip is preferably pyramidal or conic shaped. The 
arrangement of the present invention makes it possible 
to produce AFM-probes with a small aspect ratio of the 
tip which are of interest for special electrical measure- 
ments. A higher aspect ratio as it is desired for topogra- 
phy measurements may also be achieved using a more 
cylindrical or conic shape for the second portion of a tip. 
The different second portions of a tip of a probe config- 
uration with more then one second portion of a tip can 
be electrically isolated. The isolated second portions of 
a tip can be used to detect more than one signal at the 
same time using only one cantilever beam. In this con- 
figuration some second portions of a tip may be used as 
a cun*ent or voltage source whereas other second por- 



tions of a tip may be used to detect the generated sig- 
nals. A probe tip configuration with two electrical 
isolated second portions of a tip can be used in nano- 
SRP for the measurement of the spreading resistance 
without having a back contact and with four electrical 
isolated second portions of a tip can be employed for 
localised FPR-measurements (Four-Point-Resistance). 
[001 6] The probes of the prior art can also be used for 
spreading resistance measurements but then also a 
contact at the backside of the sample has to be pro- 
vided. Therefore a probe tip configuration with more 
then one second portion of a tip as described is desira- 
ble. A probe tip configuration with two electrical isolated 
second portions of a tip can be used in nano-SRP for 
the measurement of the spreading resistance without 
having a back contact and with four electrical isolated 
second portions of a tip can be employed for localised 
FP R-measurements. 

United States patent 5540958 describes a probe with 
two cantilevers each having a tip. A first drawback of this 
solution is that one needs to control each cantilever sep- 
arately 

which is much more complicated and unreliable then in 
the present invention. A second drawback is that by 
using two cantilevers the distance between the probe 
tips is about ten times greater then in the invention 
because each cantilever has a certain minimal width 
mainly for stability reasons and there is also a minimal 
distance between the cantilever to allow proper use of 
such a probe. 

[0017] In an embodiment of the invention a method of 
fabricating a probe tip configuration is disclosed where 
the tip comprises a first portion of a tip and one second 
portion of a tip. The shape of the first portion of a tip is 
achieved by etching the substrate. The shape can be a 
truncated pyramid, a truncated cone, a cylinder In par- 
ticular a truncated pyramidal shape can be realised by 
employing an etching solution such as KOH for the etch- 
ing of the substrate, e.g. silicon, which results in a more 
truncated pyramidal etch pit. Then a second portion of a 
tip can be formed on top of said first portion of a tip. 
Therefore a small etch pit on the bottom of the first etch 
pit is formed preferably by an anisotropic etching proce- 
dure resulting in pyramidal shape. The complete etched 
structure is covered with one or more materials and the 
substrate is finally removed using a thinning window at 
the backside of the substrate resulting in a first portion 
of a tip and a preferably pyramidal or conic shaped sec- 
ond portion of a tip having a very small radius of curva- 
ture in order to achieve a high resolution. First portion of 
a tip and second portion of a tip can also be composed 
of different n^terials. 

In another embodiment of the invention a method of fab- 
ricating a probe tip configuration is disclosed where the 
tip comprises a first portion of a tip and more then one 
second portion of a tip. The shape of the first portion of 
a tip is achieved by etching the substrate. The shape 
can be a truncated pyramid, a truncated cone, a cylin- 
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der. In particular a truncated pyramidal shape can be 
realised by employing an etching solution such as KOH 
for the etching of the sitostrate, e.g. silicon, which 
results in a more truncated pyramidal etch pit. Then at 
least one second portion of a tip can be formed on top 
of said first portion of a tip. Therefore at least one small 
etch pit on the bottom of the first etch pit is formed pref- 
erably by an anisotropic etching procedure resulting in 
pyramidal shapes. The complete etched structure is 
covered with one or more materials and the sut)Strate is 
finally removed using a thinning window at the backside 
of the substrate resulting in a first portion of a tip and a 
preferably pyramidal or conic shaped second portion of 
a tip having a very small radius of curvature. First por- 
tion of a tip and second portion of a tip can also be com- 
posed of different materials. The different second 
portions of a tip can be electrically and/or thermally iso- 
lated from each other. 

[0018] In a particular embodiment of the invention a 
detailed process scheme (fig. 5) for making a probe tip 
configuration is described. It is clear that some of the 
applied process steps and materials may be replaced 
by others giving the same result. 
[0019] As a starting material a substrate (7). which 
can be. e.g. a silicon or a glass wafer, is used. In the 
example a (100) oriented Silicon wafer is used. 
[0020] The substrate is covered with a first hard mask 
layer (6) by means of oxidation or a deposition tech- 
nique. This hard n^sk layer (6) can be selected from the 
group of silicon oxides, silicon nitrides, silicon oxyni- 
trides, metals or a combination thereof. 
[0021] This hard mask layer (6) is patterned (15, fig. 
5, step a) by means of a dry etch procedure, a wet etch 
procedure or a combination thereof using a lithographic 
developed resist as a mask. This first hard mask layer 
(6) is used as an etch mask layer for the formation of the 
inverted truncated first portion of a tip. 
[0022] The substrate (7) is then exposed to an etching 
solution (fig. 5, step b). The choice of the etching solu- 
tion determines the shape of the first portion of a tip 
which can be truncated pyramidal, truncated conic, 
cylindrical. When choosing an etching solution, such as 
KOH, the shape is truncated pyramidal. The etching has 
to be stopped when the truncated inverted pyramid (16) 
is formed. A good control over the etch depth is 
required. This can be done by careful controlling the 
innportant parameters such as the size of the etch win- 
dow in the hard mask layer, the etching solution and the 
etching time. 

[0023] The side walls and the bottom of the etch pit 
(16) are then covered with a second hard mask layer 
(8). This can be done by oxidation, PECVD (Plasma 
Enhanced Chemical Vapour Deposition) or metal depo- 
sition. This hard mask layer (8) can be selected from the 
group of silicon oxides, silicon nitrides, silicon oxyni- 
trides, metals or a combination thereof. 
[0024] The second hard mask layer (8) is patterned 
(17, fig. 5. step d) by means of a dry etch procedure, a 



wet etch procedure or a combination thereof using an 
optical or e-beam lithographic developed resist as a 
mask. As an alternative also a focused ion beam can be 
used to open this second hard mask layer. Regardless 

5 of the method used, a small square or circular opening 
(17) in the second hard mask layer is formed at the bot- 
tom of the inverted first portion (16) of a tip. This second 
hard mask layer (8) is used as an etch mask for the for- 
mation of at least one inverted second portion of a tip. 

10 [0025] The sample is then exposed to the anisotropic 
etchant, e.g. KOH, (fig. 5. step e) and at least one small 
inverted second portion (18) of a tip, having a conic or 
pyramidal shape, is formed at the bottom of the trun- 
cated inverted first portion (16) of a tip. 

15 [0026] The second hard mask layer (8) inside the trun- 
cated inverted first portion of a tip is removed (fig. 5, 
step f) using a lithographic developed resist as a mask 
by means of a wet etching step and/or a dry etching 
step. In an alternative way the secorxj hard mask layer 

20 (8) remains as it is and if the hard mask layer (8) is a 
non-conductive layer, said hard mask layer (8) thereby 
acting as an insulating layer for the first portion of a tip. 
However the metal (or other material) coverage of the 
second portion of a tip is more difficult to realise 

25 because of the increased etch pit depth. Therefore it is 
preferable to remove the second hard mask layer (8) at 
tiiis stage and to provide a dielectric (or thermal) insu- 
lating layer or even a conductive layer during selective 
multi-layer deposition step later in the processing. 

30 [0027] Next, the cantilever and cantilever beam are 
defined by removing the exposed parts (19) of the first 
hard mask layer (6) (fig. 5, step g), using a lithographic 
developed resist as a mask, by means of a wet etching 
step and/or a dry etching step. In an alternative way the 

35 first hard mask layer (6) can remain as it is thereby serv- 
ing as a first insulating or conductive layer. 
[0028] At least one layer of at least one material (9) is 
ttien deposited (fig. 5, step h) in the patterned area. This 
can be done by deposition (e.g. a metal) over the whole 

40 surface followed by a lift-off step. Alternatives are by 
plating (e.g. nickel, gold), by selective deposition (e.g. 
diamond). Ttiis procedure can be performed for the 
whole exposed area at once or in different steps for the 
different areas like first portion of a tip. second portion of 

45 a tip, cantilever and cantilever beam. Said steps can 
include process steps as lithography, deposition of con- 
ducting and/or non-conducting materials, and etching 
steps. 

[0029] The cantilever and cantilever beam are formed 
50 and the first portion of a tip and second portion of a tip 
are etched free (fig. 5, step i) from the substrate (7). 
This can be done by wet and/or dry etching using a thin- 
ning window at the backside of the substrate (7). In 
another particular embodiment of the invention a 
55 detailed process scheme (fig. 6) for making a probe tip 
configuration (see Fig. 7) comprising a first portion of a 
tip (Fig. 7, (2)) and more than one second portion (Fig. 
7, (11)) of a tip is disclosed. It is clear ttiat some of the 
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applied process steps and materials may be replaced 
by others giving the same result. 
[0030] As a starting material a substrate (7). which 
can be for example a silicon or a glass wafer, is used, in 
the example a (100) oriented silicon wafer is used. 
[0031] With reference to Fig. 6. the substrate is cov- 
ered with a first hard mask layer (6) by means of oxida- 
tion or a deposition technique. This hard mask layer (6) 
can be selected from the group of silicon oxides, silicon 
nitrides, silicon oxynitrides. metals or a combination 
thereof. 

[0032] This hard mask layer (6) is patterned (15, fig. 
6, step a) by means of a dry etch procedure, a wet etch 
procedure or a combination thereof using a lithographic 
developed resist as a mask. This first hard mask layer 
(6) is used as an etch mask layer for the formation of the 
inverted truncated first portion ((2). Fig. 7) of a tip. 
[0033] The substrate is then exposed to an etching 
solution (fig. 6, step b). The choice of the etching solu- 
tion determines the shape of the first portion ((2). Fig. 7) 
of a tip which can be truncated pyramidal, truncated 
conic, cylindrical. When choosing an etching solution, 
particularly when choosing KOH, the shape is truncated 
pyramidal. The etching has to be stopped when the 
truncated inverted pyramid (16) is formed. A good con- 
trol over the etch depth is required. This can be done by 
careful controlling the Important parameters such as the 
size of the etch window in the hard mask layer (6), the 
etching solution and the etching time. 
[0034] The side walls and the bottom of the etch pit 
(16) are then covered with a second hard mask layer 
(8). This can be done by oxidation, PECVD (Plasma 
Enhanced Chemical Vapour Deposition) or metal depo- 
sition. This hard mask layer (8) can be selected from the 
group of silicon oxides, silicon nitrides, silicon oxyni- 
trides, metals or a combination thereof. 
[0035] The second hard mask layer (8) is patterned 
(fig. 6. step d) by means of a dry etch procedure, a wet 
etch procedure or a combination thereof using an opti- 
cal or e-beam lithographic developed resist as a mask. 
As an alternative also a focused ion beam can be used 
to open this second hard mask layer. Regardless of the 
method used, small squares or circular openings (20) in 
the second hard mask layer (8) are formed at the bottom 
of the etch pit (16). This second hard mask layer (8) Is 
used as an etch mask for the formation of the inverted 
second portions ( Fig. 7. (1 1)) of a tip. 
[0036] The sample is then exposed to the anisotropic 
etchant. e.g. KOH (fig. 6, step e) and at least two 
inverted second portions (21) of a tip, having a conic or 
pyramidal shape, are formed at the bottom of the etch 
pit (16). 

[0037] The second hard mask layer (8) inside the trun- 
cated etch pit (16) is optionally removed (fig. 6, step f) 
using a lithographic developed resist as a mask by 
means of a wet etching step and/or a dry etching step. 
In an alternative way the second hard mask layer (8) 
remains as it is and if the hard mask layer (8) is a non- 



conductive layer, said hard mask layer (8) thereby serv- 
ing as an insulating layer for the first portion (Fig. 7, (2)) 
of a tip and as insulating layer between the different sec- 
ond portions (Fig. 7. (1 1)) of a tip. However the metal (or 

5 other material) coverage of the second portions (1 1 ) of 
a tip is more difficult to realise because of the increased 
etch pit depth. Therefore it is preferable to remove the 
second hard mask layer (8) at this stage and to provide 
a dielectric (or thermal) insulating layer or even a con- 

70 ductive layer during selective multi-layer deposition step 
later in the processing. 

[0038] Next, the cantilever and cantilever beam (Fig. 
7, (1)) are defined (fig. 6. step g) by removing the 
exposed parts (22) of the first hard mask layer (6) , 

75 using a lithographic developed resist as a mask, by 
means of a wet etching step and/or a dry etching step. 
In an alternative way the first hard mask layer (6) can 
remain as it Is thereby serving as a first insulating or 
conductive layer. 

20 [0039] At least one layer of at least one material (10) 
is then deposited (fig. 6, step h) in the patterned area. 
This can be done by deposition (e.g. a metal) over the 
whole surface followed by a lift-off step. Alternatives are 
by plating (e.g. nickel, gold), by selective deposition 

25 (e.g. diamond). This procedure can be performed for the 
whole exposed area at once or in different steps for the 
different areas or parts of the different areas like first 
portion ((2) in Fig. 7) of a tip, second portions ((11) in 
Fig, 7) of a tip, and cantilever beam ((1 ) in Fig. 7). At this 

30 point, additional process steps may be carried out in 
order to isolate the different second portions of a tip (fig. 
7, (11)) one from another and/or to Isolate the first por- 
tion (Fig. 7. (2)) of a tip from the second portion(s) (Fig. 
7, (1 1)) of a tip and/or to isolate the connections (fig. 7. 

35 (1 2)) to the second portions (1 1 ) of a tip from the canti- 
lever beam (1). Said isolation can be an electrical 
and/or thermal and/or magnetic isolation. Said steps 
can include process steps such as lithography, deposi- 
tion of conductive and/or non-conductive materials and 

40 etching steps. The different second portions ( 1 1 ) of a tip 
of a probe configuration with more then on second por- 
tion (2) of a tip can be electrically isolated. This can be 
done using additional process steps such as optical or 
e-beam lithography combined with metal deposition. 

45 focused ion beam induced metal deposition or electron 
beam induced metal deposition. The isolated tips (2) 
can be used to detect more than one signal at the same 
time using only one cantilever beam (1). In this configu- 
ration some second portions (1 1 ) of a tip can be used as 

50 a current or voltage source whereas other second por- 
tions of a tip can be used to detect the generated sig- 
nals. A probe tip configuration with two electrical 
isolated second portions of a tip can be used in nano- 
SRP for the measurement of the spreading resistance 

55 without having a back contact and with four electrical 
isolated second portions of a tip can be employed four 
localised FPR-measurements (Four-Point- Resistance). 
[0040] Additional process steps can be enployed in 
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order to get a second portion of a tip with high hardness 
and low wear. An improved probe performance may 
also be achieved by an additional implantation, diffusion 
or silicidation step or by depositing additional coatings 
such as metals, hard metals, diamond, and cubic boron 
nitride. 

[0041] The cantilever and cantilever beam (1) are 
formed and the first portion (2) of a tip and second por- 
tions (11) of a tip are etched free (fig.6. step i) of the 
substrate (7). This can be done by wet and/or dry etch- 
ing using a thinning window at the backside of the sub- 
strate (7). 

[0042] In still another embodiment of the invention an 
alternative method (fig. 8) of fabricating a probe tip con- 
figuration comprising a first portion of a tip and at least 
one second portion of a tip is disclosed. 
[0043] The present invention includes a method of 
fabricating a probe tip configuration comprising a canti- 
lever beam and a probe tip, said probe tip comprising a 
first portion of a tip and at least two second portions of 
a tip. said method comprising the steps of : 

covering a substrate with a hard mask layer; 
patterning said hard mask layer thereby forming an 
etch mask, said etch mask comprising a mask for 
said cantilever beam, said first portion of a tip, and 
said second portions of a tip; 
etching through a mask window at the backside of 
said substrate to thereby thin down the substrate to 
a desired thickness 

transferring said etch mask into the substrate to 
thereby form said cantilever beam and etching free 
said first portion of a tip and said second portions of 
a tip. 

[0044] The method will be described with reference to 
Fig. 8. A substrate (13) is covered (fig. 8, step a) with a 
hard mask layer (14) by means of oxidation or a deposi- 
tion technique. This hard mask layer is used as an etch 
mask and can be selected from the group of silicon 
oxides, silicon nitrides, silicon oxynitrides, metals or a 
combination thereof. 

[0045] The etch mask is patterned by three litho- 
graphic steps each of them followed by an etching pro- 
cedure, which can be a dry etch procedure, a wet etch 
procedure or a combination thereof, in order to transfer 
the pattern of a lithographic developed resist to the hard 
mask layer (fig. 8, step b) . As a result, the etch mask 
contains the mask (23) for the cantilever, the mask (24) 
for the first portion of a tip. and the mask (25) for the 
second portion(s) of a tip. The number of the small cir- 
cular or square structures (25) on top of the etch mask 
depends on the number of second portions of a tip to be 
generated. 

[0046] The cantilever beam (26) is etched (fig. 8. step 
c) and then the etch mask (23) for the cantilever beam 
is removed (fig. 8, step d). Next, the first portion (27) of 
a tip (fig. 8. step e) is etched and the etch mask (24) for 



the first portion (27) of a tip is then removed (fig. 8. step 

0. The small structure(s) (25) on top of the first portion 
of a tip will finally be.underetched (fig. 8, step g) result- 
ing in a first portion (27) of a tip connected to a canti- 

5 lever beam (26) with small second portion(s) (28) of a 
tip on top. 

[0047] The resulting probe tip configuration shown 
schematically in Fig. 8g is composed of a single sub- 
strate material such as silicon. For e.g. resistance deter- 
70 mination a highly conductive tip is necessary. Additional 
process steps can be carried out to increase the con- 
ductivity and the hardness of the probe. This may be 
achieved by an implantation or silicidation step or by 
additional coatings such as metals, hard metals, dia- 
75 mond, and cubic boron nitride. 

[0048] A drawback of this method is that these addi- 
tional steps often lead to an increased tip radius thereby 
limiting the resolution of the probe. 
[0049] Furthermore, to make the probe tip configura- 
te tion with more then one second portion of a tip useful for 
e.g. spreading resistance measurements or four points 
resistance measurements, additional process steps are 
carried out in order to get second portions of a tip which 
are electrically and/or thermally and/or magnetically iso- 
25 lated one from another. 

Claims 

1. A method of fabricating a probe tip configuration 
30 comprising a cantilever beam and a probe tip, said 

probe tip comprising a first portion of a tip and at 
least one second portion of a tip, said method com- 
prising the steps of: 

35 etching a substrate using a first patterned hard 

mask layer as an etch mask, said etching step 
creating a first etch pit; 

etching at least one second small etch pit on 
the bottom of said first etch pit using a second 
40 patterned hard mask layer as an etch mask; 

defining the cantilever beam by removing ttie 
exposed parts of said first hard mask layer; 
covering the conplete etched structure with at 
least one material thereby forming said first 
45 portion of a tip and said second portion of a tip; 

etching through a mask window at the backside 
of said substrate to thereby form said cantilever 
beam and simultaneously etching free said first 
portion of a tip and said second portion of a tip. 

so 

2. A method as recited in claim 1 wherein by etching 
said substrate using said first hard mask layer as an 
etch mask, a cylindrical or a truncated pyramidal or 
a truncated conic shaped etch pit is formed. 

55 

3. A method as recited in claim 1 wherein by aniso- 
tropic etching using said second hard mask layer as 
an etch mask, a pyramidal or a conic shaped small 
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etch pit is formed. 

4. A method as recited in claim 1 where said hard 
mask layer is selected from the group of oxides, 
nitrides, oxynitrldes and metals. 

5. A method as recited in claim 1 where said complete 
etched structure is covered by a sequence of cover- 
ing parts of said etched structure with different 
materials thereby using 

lithographic, etching and deposition steps. 

6. A method as recited in claim 1 where said material 
is selected from the group of oxides, nitrides, oxyni- 
trides, insulating materials, semi-conductive materi- 
als, metals, hard metals and diamond. 

7. A method as in claim 1 wherein said probe tip com- 
prises a first portion of a tip and one second portion 
of a tip, said first portion of a tip and said second 
portion of a tip being isolated on from another. 

8. A method as in claim 1 wherein said probe tip com- 
prises a first portion of a tip and at least two second 
portions of a tip. said first portion of a tip and each 
of said second portions of a tip being isolated one 
from another. 

9. A method as in claim 7. 8 wherein said isolation is 
at least one kind of isolation from the group of ther- 
mal isolation, electrical isolation and magnetic iso- 
lation. 



13. A probe tip configuration as recited in claim 10 
where said first portion of a tip and each of said 
second portions of a tip are isolated one from 
another. 

5 

14. A probe tip configuration as recited in claim 10 
where said isolation is at least one kind of isolation 
from the group of thermal isolation, electrical isola- 
tion and magnetic isolation. 

10 



10, A probe tip configuration being part of a probe for 
use in a scanning proximity microscope, comprising 35 
a cantilever beam and a tip, said tip being fixed to 
an end of said cantilever beam, characterised in 
that, 

said tip conprises a first portion of a tip and at least 
two second portions of a tip, said first portion of a tip 40 
being connected to said end of said cantilever 
beam, said second portions of a tip being placed on 
said first portion of a tip. 



11. A probe tip configuration as recited in claim 10 45 
where said first portion of a tip has a generally cylin- 
drical or truncated pyramidal or truncated conic 
shape, said second portions of a tip have a pyrami- 
dal or conic shape. 

50 

1 2. A probe tip configuration as recited in claim 1 0, said 
cantilever beam, said first portion of a tip and said 
second portions of a tip forming a structure being 
composed of at least one material said material 
being selected from the group of oxides, nitrides. 55 
oxynitrides, insulating materials, semi -conductive 
materials, metals, hard metals and diamond. 



9 



EP 0 899 538 A1 





FIG.2 



10 



EP 0 899 538 A1 




FIG. 4 



11 



EP 0 899 538 A1 




FIG. 6 



13 




14 



EP 0 899 538 A1 




EP 0 899 538 A1 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Apptlcation Number 

EP 97 11 4799 



DOCUMENTS CONSIDERED TO BE RELEVANT 






Citation of document with Indication, wfMre appropriate, 
of relevant passages 


Relevant 
to claim 


CLASSIFICATION OF THE 
APPUCAT10N (lntCI.6) 


X 
Y 


DE 41 26 151 A (OLYMPUS OPTICAL CO) 

* colunm 3, line 63 - column 4, line 44 * 

* column 6» line 1 - column 7, line 58; 
figures 3-5.9,10 * 

* column 8, line 55 - column 9, line 42 * 

* column 11, line 35 - line 62 * 


1-6 
7-14 


uUlD// O'J 

GO1N27/00 
GOlRl/067 


Y 


WO 96 14660 A (MICRON TECHNOLOGY INC) 
* the whole document * 


10-12 




Y 


US 4 835 465 A (GERGIN EMILE) 


7-9.13. 
14 






* column 5, line 36 - column 6, line 43; 

T 1 yur cb D } O 




X 


wo 95 34000 A (HITACHI LTD ;KASUKABE 
MKIIMII MP^- II<;AMI MIT^UO (3P)' uehara 

KEIJI) 

* abstract; figures 1,19-22,25,35 * 


1-6. 
10-12 




A 


US 5 294 465 A (GALLAGHER ALAN C) 

* column 11, line 25 - column 12, line 55; 
figures 5-7 * 

US 5 399 232 A (ALBRECHT THOMAS R ET AL) 

* the whole document * 


1.10.11 


TECHNICAL FIELDS 
SEARCHED Onta.6) 


D.A 


1-6 


G01B 
G01N 

GOIR 


A 


US 5 347 226 A (BACHHANN WALTER A ET AL) 
* the whole document * 


1,10 




A 


US 5 475 318 A (MARCUS ROBERT B . ET AL) 
* the whole document * 


1,10 




The present search report has been drawn up for all claims 







Place of search 

THE HAGUE 



Dale o( corrptetKMi ol the search 

22 January 1998 



Examinet 

Brock, T 



CATEGORY OF CITED DOCUMENTS 

y ; partioulaHy ralovant if taK«n ak>ne 

Y : paittculafly relavont if corrbmed with another 

document of the same cAtegory 
A : technobgicat backgrDund 
O : non-wntten disclosure 
P : intermediate document 



T ; theory or prine^ underlying the Invention 
E : earlier patent docuntent, but published on, or 

after the filing date 
D : document cited in ttte application 
L : document dted for other reasons 

& : ment>er of the same patent family, coriesponding 
document 



16 



